Context. Supermassive black holes in the centers of active galactic nuclei (AGN) are surrounded by broad-line regions (BLRs). The broad emission lines seen in the AGN spectra are emitted in this spatially unresolved region. Aims. We intend to obtain information on the structure and geometry of this BLR based on observed line profiles. Methods. We modeled the rotational and turbulent velocities in the line-emitting region on the basis of the line-width FWHM and line dispersion σ line of the variable broad emission lines in NGC 5548. Based on these velocities we estimated the height of the line-emitting regions above the midplane in the context of their distances from the center. Results. The broad emission lines originate at distances of 2 to 27 light days from the center. Higher ionized lines originate in the inner region (≤ 13 light days) in specific filamentary structures 1 to 14 light days above the midplane. In contrast, the Hβ line is emitted in an outer (6 -26 light days), more flattened configuration at heights of 0.7 to 4 light days only above the midplane. Conclusions. The derived geometry of the line-emitting region in NGC 5548 is consistent with an outflowing wind launched from an accretion disk.
Introduction
It is now generally accepted that active galactic nuclei (AGN) are powered by accretion onto a super-massive black hole. The broad emission lines we observe in the UV/optical regime are generated by photoionization in the outer regions of an accretion disk that surrounds the central black hole. Many details of this line-emitting region are unknown. The broad-line region with an extension of about ten light days is spatially unresolved on direct images. However, some basic information about the distances of the line-emitting regions from the central ionizing region can be obtained from reverberation mapping (e.g. Clavel et al. 1991 , Peterson et al. 2004 , i.e., the delayed variability of the integrated emission lines with respect to that of the ionizing continuum. Furthermore, there is stratification in the broadline region. The higher ionized lines originate closer to the central ionizing source than the lower ionized lines. In a few cases the individual delays of emission line segments (velocity delay maps) could be studied. Comparing these velocity delay maps with model calculations point to the existence of accretion disks with additional signatures of accretion disk winds (Kollatschny 2003 , Bentz et al. 2010 .
Little is known about the size and geometry of the broad-line region perpendicular to the accretion disk. There are many models dealing with the geometry and structure of accretion disks in AGN, as well as accretion disk winds (e.g. Blandford 1982 , Collin-Souffrin et al. 1988 , Emmering et al. 1992 , Königl & Kartje 1994 , DeKool & Begelman 1995 , Murray & Chiang 1997 , 1998 , Bottorff et al. 1997 , Blandford & Begelman 1999 , Elvis 2000 , Proga, Stone & Kallman 2000 , Proga & Kallman 2004 , Kollatschny 2003 , 2013 , Ho 2008 , Goad et al. 2012 and references therein). The origin of an accretion disk winds is explained by radiation-driven winds or magnetocentrifugal winds.
We have demonstrated in two recent papers (Kollatschny & Zetzl 2011, hereafter called Paper I, and Kollatschny & Zetzl 2013 , hereafter called Paper II) that general relations exist between the full-width at half maximum (FWHM) and the linewidth ratio FWHM/σ line in the broad emission lines of AGN. The line-width FWHM reflects the rotational motion of the broad-line gas in combination with an associated turbulent motion. This turbulent velocity is different for the different emission lines. The rotational and turbulent velocities give us information on the accretion disk height with respect to the accretion disk radius of the line-emitting regions. We know the absolute numbers of the line-emitting radii from reverberation mapping, so we can get information on the absolute heights of the line-emitting regions above the accretion disks. Here we present results for the broad-line region geometry of NGC 5548.
The NGC 5548 data sample
One of the most extensive studied Seyfert galaxies is NGC 5548. The spectra of the broad optical emission lines, including the Hβ line, have been monitored over more than ten years by large international collaborations (e.g. Peterson et al. 2002 and references therein) .
Furthermore, two additional campaigns have been carried out in combination with the IUE and HST satellites. In a first combined optical/UV variability campaign NGC 5548 was monitored with the IUE satellite for a period of eight months from 1988 December until 1989 August (Clavel et al. 1991) , as well as (Peterson et al. 1991) . In a second combined optical/UV variability campaign NGC 5548 was monitored with the IUE and HST, along with ground-based telescopes, for a period from 1992 October until 1993 September (Korista et al. 1995) . Our current investigation is based on all spectral information of the root-mean-square (rms) emission line profiles in NGC 5548 (Peterson et al. 2004 ). The narrow line components disappear in these spectra. This sample has been the basis for our Papers I and II as well.
Altogether, we have information about the rms line profile widths FWHM and σ line , along with distances of the emitting regions from the central ionizing source for the following emission lines: the optical Hβ and He ii λ4686 lines, and the UV He ii λ1640, C iii] λ1909, C iv λ1550, and S iv λ1400 lines (see Table 1 ). For the Hβ line we know their annual rms profiles over a period of 14 years (1988 -2001) and their related distances. For the He ii λ4686 line we only know one rms profile based on the campaign in 1988/1989. However, for the rest of the UV lines we have two rms profiles based on the campaigns in the years 1988/89 and 1992/93.
Results

Observed and modeled emission line-width ratios
We parameterize the rms line profiles by both their FWHM and the ratio of their FWHM to their line dispersion σ line . We present in Table 1 (1988 -2001). from the Hβ profiles of the other years in Fig. 3 (red cross at FWHM = 2500 kms −1 ). This profile has been considered to be less reliable by Peterson et al. (2004) before. We neglect this individual profile for the rest of our investigation.
The ratio of the turbulent velocity v turb over the rotational velocity v rot in the line-emitting region gives us information on the ratio of the accretion disk height H with respect to the accretion disk radius R of the line-emitting regions as presented in Papers I and II:
The unknown viscosity parameter α is assumed to be constant and to have a value of one. In reality, the value of α might be up to one order lower.
Since we know the distances R of the line-emitting regions from reverberation mapping (Table 1) , we are able to estimate the height H of the line-emitting region. We present in Table 1 information on both the height of the line-emitting region in units of light days and the ratio H/R. Kollatschny, Zetzl: Broad- 3.0 ± 1.8 0.11 3.9 ± 1.8 0.15
Broad-line region geometry of NGC 5548
The broad-line region structure of NGC 5548 based on the radius and height data in Table 1 is shown in Fig. 4 . Given are the emitting regions of the He ii λ1640, Si iv λ1400, C iv λ1550, C iii] λ1909, as well as Hβ rms emission lines (red symbols) as a function of distance to the center and of the height above the midplane for the two epochs 1988/89 (1) and 1992/93 (2). Furthermore, the position of the Hβ emitting region is presented for all 13 rms spectra obtained for the years 1988 to 2001 (Hβ all). The He ii λ4686 line has only been monitored at one epoch. The dot at radius zero gives the size of a Schwarzschild black hole (with M = 6.7 × 10 7 M ⊙ ) multiplied by a factor of twenty. The two axes' scale in Fig. 4 are linear in units of light days. One light day corresponds to a distance of 2.59 ×10 15 cm. The axis on top of the figure gives the distance of the line-emitting regions from the center in units of the Schwarzschild radius (for a central black hole mass of M = 6.7 × 10 7 M ⊙ taken from Peterson et al. 2004) . We make the assumption that the accretion disk structure is arranged symmetrically to the midplane in Figs. 4 and 5.
The errors of the line widths (in Table 1 ) and therefore of the derived turbulent velocities v turb are quite large for the weak UV emission lines in NGC 5548. This especially applies to the Si iv λ1400 and C iii ] λ1909 line profiles based on IUE spectra. We demonstrated in Papers I and II that dedicated turbulent velocities belong to the individual emission line regions. These dedicated velocities have been derived from many line profiles. Therefore, we then calculated additional corrected heights of the line-emitting regions based on the turbulent velocities belonging to the individual lines (see Papers I, II) : 400 km s −1 for Hβ, 900 km s −1 for He ii λ4686, 1500 km s −1 for C iii] λ1909, 2100 km s −1 for Si iv λ1400, 2300 km s −1 for He ii λ1640, and 2900 km s −1 for C iv λ1549. We give in Table 1 the corrected height Height corr of the line-emitting regions based on these v turb . The broad-line region structure of NGC 5548 based on the corrected turbulent velocities v turb is shown in Fig. 5 .
The radius of the dominating Hβ line-emitting region varied by a factor of more than four during the monitoring campaign from the year 1988 until 2001. It has been shown before that the distances of the line-emitting regions depend on the luminosity of the central ionizing source (e.g. Dietrich & Kollatschny 1995 , Peterson et al. 2002 , 2004 . It should be emphasized that the individual emission lines do not originate at one single radius only, but rather in an extended region (see e.g. Kollatschny 2003) . Therefore it is reasonable to connect the individual lineemitting regions as shown in Figs. 4 and 5. Furthermore, it was known before that higher ionized lines originate closer to the central ionizing source as seen in Fig.5 . The C iv λ1549 line, e.g., originates inwards of the C iii] λ1909 line.
The Hβ lines are emitted in a more flattened configuration above the midplane. The Hβ line originates at a height of 0.7 light days only at a radius of seven light days. This corresponds to theoretical H/R values of 0.01 -0.3 (e.g. DeKool & Begelman 1995) based on accretion disk models . However, the higher ionized lines in NGC 5548 originate in a far more extended region above the presumed accretion disk. We observe H/R values of 0.1 until 0.9 (Table 1 mosphere of an accretion disk but rather in filaments at greater heights above the disk. The different geometries of the high/low ionization lines might be explained by a nonspherical geometry of the photoionizing source.
The observed geometry of the BLR in NGC 5548 strikingly corresponds to the disk wind models of Murray & Chiang (1997, their Fig. 1 ) and Proga & Kallman (2004, their Fig. 1d ). Furthermore, the emitting region of the Hβ line is arranged more horizontally in comparison to the higher ionized lines. It has been predicted by Murray & Chiang (1997) in their models that the angle the streamlines make with the disk vary with the distance/radius of the footprint of the streamline. The streamlines -based on their model -should be more vertical at smaller radii, as seen in Fig. 5. 
Conclusions
We demonstrate in our investigation that the higher ionized lines of the broad-line region originate in an extended region of 1 to 14 light days above the midplane. In contrast, the Hβ line only originates at distances of 0.7 to 4 light days above the midplane. The derived filamentary geometry of the broad-line emitting region in NGC 5548 is consistent with models of an outflowing wind launched from an accretion disk. 
